Regular participation in physical activity (PA) is a prerequisite for healthy physical and psychological development. Individuals who regularly engage in moderate-to-vigorous physical activity (MVPA) demonstrate enhanced functional capacity (e.g., strength, speed, power, aerobic and anaerobic capacity) and have better cardiometabolic and behavioural health (Cumming & Riddoch 2009 ). The benefits associated with an active lifestyle begin at a relatively early age. Nevertheless, children have become increasingly less active across many domains, including physical education, active transport (e.g., walking, cycling), and leisure-time activities (Dollman et al. 2005 ).
PA gradually declines as the individual progresses towards the mature state, i.e.
adulthood. This trend has been consistently documented across cultures and in many animal species, and suggests a biological basis to PA (Eisenmann & Wickel 2009 ). In support of this contention, advanced biological maturation in girls has repeatedly been show to explain why girls are less active when compared to boys of the same chronological age (Sherar et al. 2010 ). In humans, the decline in PA begins in late childhood, continues through adolescence, and is especially noticeable in the form of active play, a behaviour that plays an important role in psychosocial development and is associated with the development of the cerebellum, i.e., synaptic pruning and myelination (Byers 1998) . Changes in the sensitivity and release of the dopamine system have also been advanced as potential mechanisms underlying the maturity associated decline in PA (Eisenmann & Wickel 2009 ).
The impact of maturity timing (i.e., whether one is maturationally advanced, on time, or delayed) upon PA within sex remains unclear (Sherar et al. 2010 ). Children of the same chronological age vary considerably in biological maturity. Skeletal age can vary by 4 to 5 years among children 7 or 8 years of age, while the timing of maximum growth in height (peak height velocity) in longitudinal samples of boys can range from 11 to 17 years. Similar variation is apparent in pubertal maturation. Some youth pass from the prepubertal to the Biological Maturation and Physical Activity 4 mature state in two years while the process can take up to 5 or more years in others (Malina et al. 2004 ). Understanding how variance in the timing of maturity does, or does not, impact adolescent engagement in PA may help health practitioners better identify individuals who are in need of support and more effectively tailor PA interventions
The timing and tempo of maturation has important consequences for physical and psychobehavioral development, some of which may impact involvement in PA (Cumming et al. 2012 ). In adolescent females, the physical characteristics associated with advanced maturation (i.e., greater pubertal gains in height, weight, weight-for-height, and absolute and proportional fat-mass) are considered less conducive to successful engagement in many forms of PA, especially those that require weight bearing, aesthetics, or endurance. Early maturing girls also socialize with older peers (Caspi & Moffitt 1991) , who tend to be less active. Maturity timing may also indirectly influence girls involvement in PA, through more negative perceptions and beliefs regarding the physical self (body image. physical selfconcept, values regarding maturation and PA) or the reactions and evaluations of others (e.g., peers, parents, educators) (Cumming et al. 2012 ). Accordingly, an inverse relation between maturity timing and PA is predicted in girls (Sheraret al. 2010).
Whereas early maturing boys might be expected to be less active than their peers (based on the observation that PA generally declines as individuals progress towards the mature state), the physical and functional characteristics associated with advanced maturity in males (i.e., greater physical size and absolute and relative fat free mass, superior strength, power, and speed) are more conducive to successful engagement in many popular forms of structured PA (e.g., competitive sports). Thus, a general declines in PA associated with advanced maturity might be offset by greater involvement in more vigorous and structured activities such as sports. It is not clear, however, if it is advanced maturity, per se, that predisposes many boys to competitive sports or the cultural socialization of boys advanced in Biological Maturation and Physical Activity 5 maturity status into competitive sports. Accordingly, researchers should examine how relations between maturation and PA might vary relative to different activity type (e.g., exercise, sport) and/or intensities (moderate to vigorous, light). The inconsistent findings related to maturity timing and PA have been attributed to numerous factors including; (1) lack of objective measures of both maturity and PA; (2) inconsistent methods for classifying individuals as early, on time, or late; (3) limited consideration of mediating and moderating factors; (4) small samples sizes; (5) the failure to consider the simultaneous effects of body composition (i.e., fat mass, fat free mass); and (6) the potential for diminishing effects of maturation with age (Cumming et al. 2012; Sheraret al. 2010 ). To better understand how the processes of growth and maturation contribute to health behaviours and outcomes in youth, it has also been recommended that researchers study samples of children of the same chronological age, yet who vary in biological maturation (Katzmarzyk et al. 2012 ). With these suggestions in mind, the purpose of this Biological Maturation and Physical Activity 6 study was to use objective measures to examine concurrent (i.e., cross-sectional) and prospective (i.e., longitudinal) associations between biological maturity, body composition and PA, in a large contemporary cohort of British youth at 11 and 13 years of age. In accordance with the contentions of Sherar et al., (2010) it was hypothesised that in males and females, advanced biological maturity at 11 years of age would be associated with less PA, yet more sedentary behaviour, at 11 and 13 years.
Materials and Methods

Participants
Participants were members of the Avon Longitudinal Study of Parents and Children (ALSPAC) birth cohort study and residents of the former county of Avon in the southwest of England. ALSPAC, also known as the Children of the 90's study involved more than 14,000 mothers who enrolled during pregnancy in 1991 and 1992. Data was collected from the mothers and fathers prior to the birth of the children and the health and development of the children has been followed in detail since birth. The study was approved by the ALSPAC Law and Ethics Committee and other local ethics committees. The data included in the present study was collected at two time points, the first occurring between January 2003 and January 2005, when the participants were 11 years old. The second time point occurred two years later when the participants were 13 years old. Participants who were assessed at 11 and 13 years of age with complete data at each time point were included in this study.
Assessments
Biological Maturation. Percentage of predicted mature (adult) height attained at measurement was used as an objective indicator of biological maturation. The method assumes that among children of the same chronological age, the child that is closer to his or her predicted mature height is more advanced in biological maturity (Malina et al. 2004 ). For example, a girl who has attained 95% of her predicted adult height at 12 years is considered Biological Maturation and Physical Activity Components of body composition included in the current study were total body fat mass, trunk fat mass, and lean mass.
Physical activity and sedentary time.
Participants attending the research clinics at 11
and 13 years of age were asked to wear an Actigraph 7164 accelerometer (Actigraph LLC, Pensacola, FL, USA) for seven days. The accelerometer was worn on a belt that fastened around the waist, with the monitor resting at mid-clavicular line. Participants were instructed to wear the accelerometer during waking hours and remove the device when bathing, showering or engaging in any water based activities. Consistent with inclusion criteria employed and described in previous studies involving the ALSPAC cohort (cf. Riddoch et al. 2009 ), participants had to have worn the accelerometer, at age 11 and 13, for a minimum of 10 hours on at least three days (following the deletion of monitor non-wear), one of which had to be a weekend day. Non-wear was defined as all periods of >10 consecutive minutes of zero.
Accelerometer physical activity was expressed as average counts-per-minute (CPM) and average minutes spent daily in moderate-to-vigorous physical activity (MVPA; >3600 CPM), LPA (>2000 & <3600 CPM) and sedentary (<199). The intensity thresholds were derived from a previous calibration study (Mattocks et al. 2007 ) and consistent with the criteria used in previous ALSPAC studies (c.f., Riddoch et al., 2009 
Correlations
Correlates of biological maturity are presented by sex and age in Table 2 . Biological maturation was inversely associated with mean CPM at 11 and 13 years and on weekdays and weekends in males. Advanced maturity in males was associated with lower MVPA at 11 years (weekdays and weekends), but not 13 years. Advanced maturity in males was associated with less LPA and more sedentary time at 11 and 13 years of age. In females, maturation was inversely associated with mean CPM at 11, but not 13 years in females. The magnitude of the association between maturation and overall PA at age 11, though small, was also observed for weekdays and weekends. Contrary to expectations, biological maturation was unrelated to MVPA, LPA, and time sedentary at 11 and 13 years.
Multilevel models
A series of multilevel models were generated to examine the predictive associations of biological maturation and body composition at 11 years, upon the indices of PA and sedentary behavior at age 13. In each model physical activity included weekdays and weekend days, and separate models were generated for males and females. Biological maturation and percentage total body fat at age 11 were entered as fixed factors in all models.
To control for potential confounding effects, the following variables at 11 years of age were included as fixed factors in the models and when predicting physical activity at 13 years:
monitor wear time, mean CPM or minutes spent sedentary, in MVPA or LPA (dependent upon the corresponding outcome measure).
In accordance with procedures described by Field (2005) , fixed effects models were initially tested (Model 1). Following evaluation of the baseline models, the intercepts were then allowed to vary across the individual participants (Model 2). Finally, the slopes describing the relation between biological maturation and the various indices of physical activity at 13 were allowed to vary across individuals (Model 3). Model modifications that did not significantly improve model fit were rejected. All models were considered final when further modifications did not result in improved fit. Coefficients, standard errors and confidence associated with each of the final models are presented for males and females in Tables 3 and 4 , respectively.
Multilevel models predicting mean accelerometer CPM at 13 years.
In males, mean accelerometer CPM at age 11 was the single significant predictor of 
Multilevel models predicting mean daily minutes of MVPA at 13 years.
For the models predicting variance in accumulated physical activity at various intensities, mean monitor wear times at age 11 and 13 years were included in the model as control variables, as was the mean number of minutes engaged in the physical activity at the respective intensity at age 11. In males, monitor wear time at age 11, F(1,671) = 9. 
Multilevel models predicting mean daily minutes of LPA at 13 years.
In the baseline model predicting the mean number of minutes (per-day) males 
Multilevel models predicting mean daily minutes sedentary at 13 years.
For the models predicting mean number of minutes, per day, that males engaged in sedentary activity at age 13, accelerometer wear time at 11, F(1,671) = 22. Corresponding associations between biological maturation and PA and sedentary behavior in females were less conclusive. Advanced maturation was associated with less mean CPM at 11, but not, 13 years. Though significant, the magnitude of the association at 11 was small and, thus, this result should be considered with caution. The absence of an association between maturation and CPM at 13 suggests that the effects of maturity timing on PA in adolescent females might be transient. It is possible that the association observed at age 11 may be more closely related to the process of entering puberty than the effects of maturity timing, per se. The onset of puberty brings many physical and psychosocial changes, some of which may make it difficult for girls to continue engaging in some forms of PA, especially activities that may be considered socially or culturally less acceptable. This may explain why maturity was unrelated to CPM at 13 years, i.e., the majority of girls would have entered puberty by this age. Contrary to expectations, maturation in females was unrelated to time spent sedentary or in MVPA and LPA, at 11 and 13 years of age. Collectively, the results suggest that the effects of maturity upon PA and sedentary behaviors in adolescent girls may be less than previously suggested.
The concurrent associations between maturation and measures of body composition are also of interest. At 11 years, advanced maturation in males was associated with a greater percentage of total body fat mass (and by inference a lower percentage of total body lean mass) and with a greater percentage of fat mass on the trunk. However, at 13 years, maturity status was unrelated to the indicators of relative body composition. This may reflect the differential changes in body composition associated with the growth spurt in males.
Percentage fat mass tends to decline during male adolescence due to the rapid growth of lean mass, specifically muscle mass (Malina et al., 2004) . At 11 and 13 years, advanced maturity in females was associated with a higher percentage of total body and trunk fat mass, and by inference a lower percentage of total body lean mass. The consistency of these associations reflects girls earlier entry into puberty (~2 years) and pubertal increases in absolute and relative fat mass (Malina et al., 2004 ).
The models examining prospective associations among maturity, body composition, and PA should also be considered. Contrary to expectations, biological maturation and percentage of total body fat at 11 years were unrelated to all indices of PA and sedentary The results of the current study suggest that the effects of maturation on PA and sedentary behavior are weaker or more complex than previously assumed. Emerging evidence in females suggests that maturity associated differences in PA and physical selfconcept (a documented mediator of the association between maturation and PA in adolescent females) may be most evident at the extremes of the maturity continuum (i.e., most vs. least mature girls), and that being slightly advanced on delayed in maturity has limited bearing on health related behaviors or outcomes (Cumming et al. 2012 ). The effects of maturation on the health related behaviors and outcomes in adolescents might also vary relative to the sociocultural environment, with negative outcomes associated with early maturation being accentuated in adverse social contexts (Ge et al. 2011 ). This phenomenon, referred to as the 'Context Amplification Hypothesis', has been supported in regard to a number of health negative perceptions attractiveness, fitness, and sports competence and explaining why early maturing females tend to be less active (Cumming et al. 2012) . The ages at which the participants were assessed also represent different stages of puberty and the growth spurt, in girls and boys. Many of the girls in the current study were likely pubertal and in the midst of their growth spurts at the first observation and sexually mature at the second observation. In contrast, fewer of the boys would have been in early puberty and/or at take-off of the growth spurt in height at the first observation, and in the interval of maximum growth rate in height (peak height velocity) at the second observation. As noted, the effects of maturity on PA might vary relative to pubertal stage or the growth spurt.
The findings of this study are also limited to British youth aged between 11 and 13
years. The effects of maturation status on health behaviors and outcomes might vary relative to age or culture. The time span between the two assessments was also relatively short and, thus, does not provide a comprehensive representation of puberty or adolescence. Where β0 is a sex and age specific intercept and β1, β2, & β3 are sex and age specific coefficients which stature, weight and midparent height should be multiplied. Note. The equations are not metric. Height is reported in inches.
